Efficacy of the Pilates method for pain and disability in patients with chronic nonspecific low back pain: a systematic review with meta-analysis . Randomized controlled trials that tested the effectiveness of the Pilates method (against a nontreatment group, minimal intervention or other types of interventions) in adults with chronic low back pain were included regardless the language of publication. The outcome data were extracted from the eligible studies and were combined using a meta-analysis approach. Results: The searches identified a total of 1,545 articles. From these, eight trials were considered eligible, and seven trials were combined in the meta-analysis. The comparison groups were as follows: Pilates versus other types of exercises (n=2 trials), and Pilates versus no treatment group or minimal intervention (n=4 trials) for short term pain; Pilates versus minimal intervention for short-term disability (n=4). We determined that Pilates was not better than other types of exercises for reducing pain intensity. However, Pilates was better than a minimal intervention for reducing short-term pain and disability (pain: pooled mean difference=1.6 points; 95% CI 1.4 to 1.8; disability: pooled mean difference=5.2 points; 95% CI 4.3 to 6.1). Conclusions: Pilates was better than a minimal intervention for reducing pain and disability in patients with chronic low back pain. Pilates was not better than other types of exercise for short-term pain reduction.
Introduction
Low back pain is a major health and socioeconomic problem and one of the main causes of disability and absenteeism [1] [2] [3] [4] . It is estimated that between 11 and 84% of adults will experience an episode of low back pain at least once in their lives 5 , and approximately 40% of these patients will develop chronic low back pain lasting more than three months 4, 6, 7 . A systematic review of the prognosis of patients with low back pain has shown that both patients with acute low back pain and those with persistent low back pain improved within the first six weeks. However, after this period, the improvement slowed down, and low to moderate levels of pain and disability were present at one year, especially in patients with persistent pain 8 . Estimates show that low back pain leads to an expenditure of nine billion Australian dollars in Australia and 12 billion British pounds in the United Kingdom when direct and indirect costs are taken into account 9 . The effect of the treatments recommended by guidelines for chronic low back pain is moderate 4, 10 . Exercise is the physical therapy treatment for chronic low back pain that shows the most lasting and positive effects 10 . Pilates method exercises involve contractions of the deep abdominal muscles. When used in physical therapy practice, the method requires modifications, such as adaptations and simplifications of the traditional method. Such exercises are thus described as Pilates method-based exercises 11 . For some time, Pilates method-based exercises were considered to have unknown value in the treatment of low back pain 10 . However, randomized controlled studies on this method began to be published in 2006 [12] [13] [14] . Two systematic reviews without meta-analysis have been published on the use of the Pilates method to treat patients with chronic low back pain 3, 15 , and the results showed improvement in pain and disability. In 2011, two systematic reviews with meta-analyses were published regarding Pilates method-based exercises 16, 17 . The results of the first review 16 showed that Pilates method-based exercises are superior to a minimal intervention for reducing chronic nonspecific low back pain after intervention. Conversely, the second 17 review showed no significant improvement in pain and disability when groups that participated in Pilates methodbased exercises were compared with a control group or group performing lumbar stabilization exercises.
Although four systematic reviews have been published recently, the authors included studies that had not yet been published as journal articles indexed in databases that go through rigorous peer review (especially master dissertations or doctoral theses) 16, 17 . They also included studies of patients with discopathies 15 , which can directly interfere with the results of systematic reviews. The objective of this study was therefore to systematically review randomized controlled trials comparing the effectiveness of the Pilates method with a control group, other types of intervention or other types of exercises in terms of pain and disability in patients with chronic nonspecific low back pain.
Method

Inclusion criteria
The inclusion criteria for the analysis were studies that were randomized controlled trials of adults with chronic nonspecific low back pain that evaluated pain and/or disability; studies in which the primary treatment was based on Pilates method exercises compared with no treatment, minimal intervention, other types of intervention or other types of exercises; studies published in scientific journals between 1980 and 2013 and without restriction on language of publication. March 10, 2013 . The searches were adjusted for each database because of the differences between the search engines of each of those databases. These adjustments followed the recommendations of the Cochrane Collaboration 18 .
Search strategy
Study selection
Two independent reviewers performed the first analysis based on the information provided by the title, abstract and keywords. In cases of disagreement between the reviewers, a third reviewer was consulted to achieve consensus.
Evaluation of the methodological quality of the studies
The methodological quality and statistical description of the studies were measured using the PEDro quality scale [19] [20] [21] and these data were extracted from the PEDro database (www.pedro.org.au). The PEDro scale consists of the following items: 1) Were the eligibility criteria specified?, 2) Were the subjects randomly allocated to groups?, 3) Was the allocation of the subjects concealed?, 4) Were the groups similar at baseline with regard to the most important prognostic indicators?, 5) Was there blinding of all the subjects who participated in the study?, 6) Did all therapists who administered the therapy do so blindly?, 7) Was there blinding of all assessors who measured at least one key outcome?, 8) Were measurements of at least one key outcome obtained for more than 85% of subjects initially allocated to the groups?, 9) Did all subjects for whom outcomes were measured receive the treatment or control condition as allocated or, when this was not the case, was an "intention to treat" data analysis performed for at least one of the key outcomes?, 10) Were the results of between-group statistical comparisons reported for at least one key outcome?, and 11) Did the study have both point measures and measures of variability for at least one key outcome? 22 . PEDro quality scale scoring is between 0 and 10 points; the first item, relating to external validity, is not used to calculate the PEDro score. The reliability of the items on this scale ranged from good to excellent 22, 23 . Studies that were not available on the PEDro database were evaluated by two independent reviewers. In cases of disagreement between the reviewers, a third reviewer was consulted to achieve consensus.
Data extraction
To analyze the studies, data were extracted regarding participants' characteristics (age and duration of symptoms), intervention, duration and frequency of treatment sessions based on the Pilates method, the control group (no treatment, minimal intervention, other types of intervention or other types of exercises) and pain and disability outcomes at all assessment time-points. Meta-analysis was not performed when there was only one study for comparison or when statistical heterogeneity was identified.
Statistical analysis of the meta-analysis
For the meta-analysis, data extraction was performed based on the data presented in the included articles, with data extracted from the text, tables or figures and expressed as mean and standard deviation (Corel Draw software Version 3 was used to extract data from figures). This procedure was performed for the outcomes short-term pain and disability; the Pilates method was compared with no treatment, minimal intervention, other types of intervention or other types of exercises. Sensitivity analyses were performed to identify studies with high statistical heterogeneity and to determine whether the methodological quality of the eligible articles and the number of sessions conducted influenced the size of the observed effects. The study was removed from the meta-analysis when the presence of statistical heterogeneity and/or an effect of methodological quality or number of sessions were detected. An analysis of publication bias was also performed via the visual inspection of funnel plots 18 . Studies with larger samples had a higher weight in the metaanalysis results 24 . Means and standard deviations were converted into scales from 0 to 10 points for the pain outcome and 0-100 points for disability, standardizing the scales that other studies used to perform the meta-analysis. I² was calculated using Comprehensive Meta Analysis software Version 2 for a statistical analysis of heterogeneity, which describes the percentage of variation in the estimates of effects caused by heterogeneity rather than sampling error. A value above 50% can be considered substantial heterogeneity. When the values were statistically homogeneous, the average effects (difference between the weighted averages) were calculated using a fixed-effect model (I²<50%). When the values were statistically heterogeneous, the estimates of average effects (difference between the weighted averages) were obtained using a random-effects model (I²>50%). The standardized mean difference with a confidence interval of 95% was used. Forest plots, funnel plots and meta-analyses were also calculated using the Comprehensive Meta Analysis software.
Results
Study selection and characteristics
A total of 1,545 articles were found, of which eight studies 13, 14, [25] [26] [27] [28] [29] [30] were considered eligible. Of these, seven 13, 14, [26] [27] [28] [29] [30] were included in the meta-analysis ( Figure 1 ). Two studies were excluded from the meta-analysis: one study 25 evaluated three different regimens of the Pilates method and therefore had no comparison group for analysis, and another study 13 was excluded from the meta-analysis for the pain outcome based on the sensitivity analysis because its inclusion considerably increased the level of heterogeneity of the meta-analysis. In one study 26 comparing the vertical ground-reaction force between the control group (healthy subjects) and the group with low back pain (divided into two groups: Pilates group and no treatment group), only the groups of patients with low back pain were considered. Table 1 shows the characteristics of the studies in descriptive form, and Table 2 shows the details of the studies.
Methodological quality results
In evaluating the methodological quality using the PEDro scale, the scores for the seven articles were already available on the PEDro database 13, 14, 25, 26, [28] [29] [30] . One article 27 was evaluated by two independent reviewers because it was still not available. The scores ranged from 2 to 8 points on a scale of 0 to 10 points ( Table 3 ). All of the studies lost points on items related to the blinding of the patient and therapist, and only four studies 13, 14, 27, 30 blinded the assessor. A score of 2 points was observed in only one study 25 , and a score of 8 points, the maximum considered for this type of study as it is not possible to blind therapist and patients, was observed in two studies 14, 30 .
Treatment effects
The visual inspection of the funnel plot did not identify publication bias for any of the three metaanalyses. The sensitivity analyses considering the methodological quality and the number of sessions conducted did not significantly influence the results of the meta-analyses. Therefore, no study was removed from the meta-analyses. It was not possible to analyze the influence of the type of exercises on the metaanalyses because the descriptions of the exercises performed in eligible studies were very brief.
Comparison of the Pilates method with minimal intervention for pain outcome
Four studies 14, 26, 27, 30 evaluated pain before and after intervention (n=171). The study by Rydeard et al. 14 compared the Pilates method with primary care, such as medical appointments when needed (n=39). Pilates method-based floor exercises were performed initially as static exercises; they progressed to exercises involving hip extension movements and then to exercises on the Reformer, with 12 one-hour sessions conducted in addition to a home-based program of 15 minutes, six days a week for four weeks. Da Fonseca et al.'s study 26 compared the Pilates method with no exercise (n=17). In that study, floor exercises were carried out based on the Pilates method. These exercises involved limb movement with a static back position progressing to a dynamic back position; onehour sessions were held twice a week for a total of 15 sessions. Quinn et al.'s study 27 compared the Pilates method with no treatment (n=29). In this study, Pilates exercises were performed based on O'Brien's 31 , which consists of six to eight sessions lasting one hour and 15 minutes at home, five times a week at home for eight weeks. The study by Miyamoto et al. 30 compared Pilates method treatment with giving patients an educational booklet (n=86). The Pilates method-based floor exercises involved deep abdominal muscle activation exercises and exercises to strengthen and stretch the spinal and lower limb muscles, with 12 one-hour sessions over six weeks.
For the meta-analysis of this comparison, a fixed-effect model was used (I²=0%, χ²=1.16, df=3, P=0.76) in which a statistically significant difference was found between the groups when the Pilates method was compared with no treatment or minimal intervention for pain in the short term (difference between means=1.6 points, 95% CI 1.4 to 1.8; Figure 2A ).
Comparison of Pilates method with other types of exercises for the pain outcome
For this analysis, two studies 28, 29 were included in the meta-analysis (n = 119). Rajpal et al.'s study 28 compared the Pilates method with the McKenzie method (n=32). In this study, Pilates method-based floor exercises were used and were associated with breathing exercises with deep abdominal muscle contraction in the supine, quadruped and sitting positions, with 10 repetitions of 10 seconds performed in each position. These were compared with McKenzie exercises, which involve sitting and standing posture correction, with three repetitions performed 15 to 20 times per day. Wajswelner et al.'s study 29 compared the Pilates method with general exercises (stationary bike, stretching and resistance training; n=87), in which six to 12 supervised Pilates method-based exercises were performed on the Reformer and Cadillac, and one to four floor exercises were performed at home over 12 one-hour sessions for six weeks.
For the meta-analysis of this comparison, a fixed-effect model was used (I²=0%, χ²=0.69, df=1, P=0.41). At short term, no statistically significant difference was found between exercises for pain (difference between means=0.1 points, 95% CI -0.3 to 0.6; Figure 2B ).
Comparison of the Pilates method with minimal intervention for the disability outcome
For disability, four studies that compared the Pilates method with minimal intervention 13, 14, 27, 30 using pre-and postintervention evaluations were included in the meta-analysis (n=188). The study by 
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Details of the extraction of data from studies, in mean and standard deviation.
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Gladwell et al. 13 Rydeard et al. 14 
Rajpal et al.
28
Curnow et al.
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Da Fonseca et al. 26 Quinn et al. 27 Wajswelner et al. 29 Miyamoto et al. Gladwell et al. 13 compared the Pilates method with normal activities (n=34). The exercises were basic Pilates method-based floor exercises that involved strengthening the abdominal muscles, gluteus muscles and spinal erectors and progressed to limb exercises, with a total of six sessions lasting one hour over six weeks. The other studies 14,27,30 have been described above. Figure 2C shows the results of this comparison for the disability outcome, using a random-effects model. A statistically significant improvement in disability favoring the Pilates method was observed at short term (difference between means=5.2 points, 95% CI 4.3 to 6.1), with high level of heterogeneity (I²=68%, χ²=9.35, df=3, P=0.02).
Discussion
This systematic review shows evidence that Pilates method-based exercises are more effective than no treatment or minimal intervention in the treatment of chronic nonspecific low back pain for the pain outcome. However, the difference between the means of this comparison was 1.6 points (on a scale of 0 to 10 points). This value does not represent a clinically significant improvement, as a minimum difference of 2 points is required 32 . The results show that Pilates method-based exercises and other types of exercises are equally effective for pain relief. These results are similar to other reviews of specific exercises 10, 33 that compare them with other types of exercises or other conservative interventions. For the disability outcome, greater improvement was observed for the Pilates method-based exercises compared with minimal intervention at short term. However, the difference between the means in this comparison was approximately 5 points (on a scale of 0 to 100 points), which does not represent a clinically significant improvement. A minimum difference of 10 points is required for there to be a clinical improvement 32 .
There are few studies 14, 30 of high methodological quality with representative samples regarding the effectiveness of the Pilates method to treat chronic nonspecific low back pain; for this reason, the results should be interpreted with caution.
This systematic review only included studies published in full article form in journals indexed in databases that undergo rigorous peer review, which is usually performed by experts in the field. One study was excluded from the meta-analysis because it compared three different regimens of the Pilates method 25 and had no comparison group for analysis. Other systematic reviews with meta-analysis included three 17 and four 16 master dissertations and/or doctoral theses, studies that are difficult for the public to access and can present results without clinical relevance. Studies that have not been subjected to peer review may have a higher risk of bias or negative results and are not recommended for inclusion in systematic reviews 34 . The present study's results are similar to those of another systematic review with meta-analysis 16 on the same topic because the results show a significant difference in pain when the Pilates method is compared with minimal intervention and no statistically significant difference between groups for the same outcome when the Pilates method is compared with other types of exercises. However, the results do not corroborate the disability outcome, for which the present study shows a statistically significant difference in the short term. The difference between the results can be explained by the fact that the abovementioned systematic review 16 included four studies that were not published in journals indexed in databases 31, [35] [36] [37] . In addition, three studies that were included 12, 36, 37 had low methodological quality (three to four points on a nine-point scale, the Delphi List), and the effect of the methodological quality of those studies on the meta-analyses was not assessed.
The results of the present study are in opposition to those obtained in another systematic review with meta-analysis 17 , as our results showed a significant difference for pain and disability when the Pilates method and minimal intervention were compared. However, the results corroborate the comparison between the Pilates method and other types of exercises. In the other systematic review 17 , the authors included three studies that had not been published as articles in journals indexed in databases 31, 35, 36 . In their systematic review 17 , the authors evaluated the risk of bias according to the scale proposed by the Cochrane Back Review Group; however, they did not describe having performed a sensitivity analysis that considered the methodological quality of studies, although they did assess the risk of bias.
The results obtained in this review are related to effects that were analyzed after intervention because there are insufficient studies to conduct a meta-analysis comparing the effects of the Pilates method over time. Only one study 30 has evaluated the Pilates method by comparing it with minimal intervention in the medium term, and it did not find a significant difference between the groups. One study 29 evaluated the Pilates method by comparing it to other types of exercises in the medium term, but it also failed to find a difference between the groups. The Pilates method has been used in rehabilitation programs, primarily to treat patients with chronic nonspecific low back pain. However, the effects of the Pilates method are only proven for patients with chronic nonspecific low back pain in the short term (immediately after intervention), and it is still not possible to make inferences regarding the effects of treatment over time. For this reason, more studies evaluating the effectiveness of this method for this population should be conducted. Furthermore, there are no studies that establish the standardized treatment duration, weekly frequency, intensity and type of exercises appropriate for patients with chronic nonspecific low back pain. The analyzed studies show some differences in terms of the choice of exercises because some used Pilates method-based floor exercises 13, [25] [26] [27] [28] 30 and others also used exercise equipment 14, 29 . All of the studies opted to begin sessions with basic exercises, but the duration and frequency of sessions differed among the studies.
Studies of the Pilates method should better describe the goals of the exercises used in treatment. Few studies have explored the effect of springs and the variations in Pilates exercises that are methodologically different 34, 38 . Perhaps for this reason, it is difficult to standardize an effective exercise program for rehabilitating specific groups of patients. Because there are few studies with a low risk of bias published on this topic, it is suggested that more studies on the effects of chronic nonspecific low back pain and that follow methodological quality criteria be undertaken and published.
Although it does not represent a direct limitation of this review, only a small number of studies were included because there are few indexed articles on the topic, and some studies were excluded because they offered comparisons that differed from those analyzed in the study. This small number of published articles reflected directly on the meta-analysis, as the analyses were performed using only a few articles. However, many studies are currently being conducted in different countries 39, 40 , so this limitation should be overcome within a few years.
Conclusions
The results of this systematic review suggest that Pilates method exercises are more effective than minimal intervention in improving pain and disability in the short term. However, they are not more effective than other types of exercise in reducing pain. Pilates method exercises can therefore be recommended for the improvement of pain and disability, but no definitive conclusion can be made regarding the analyzed outcomes (pain and disability) in the medium term. Further studies with a low risk of bias and larger samples should be published to obtain greater statistical power in the analyses. 
